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This pa  per de  scribes the ap  pli  ca  tion of SRNA Monte Carlo pack  age for pro  ton trans  -
port  sim u la tions  in  com plex  ge om e try  and  dif fer ent  ma te rial  com po si tion.  SRNA
pack age was de  vel  oped for 3D dose dis tri bu tion cal cu la tion in pro ton ther apy and do -
sim  e  try and it was based on the the  ory of mul  ti  ple scat  ter  ing. The com  pound nu  clei
de cay was sim u lated by our own and the Rus sian MSDM mod els us ing ICRU 63 data.
The de  vel  oped pack  age con  sists of two codes: SRNA-2KG, which sim  u  lates pro  ton
trans  port in the com  bi  na  torial ge  om  e  try and SRNA-VOX, which uses the voxelized
ge  om  e  try us  ing the CT data and con  ver  sion of the Hounsfield’s data to tis  sue el  e  men  -
tal  com po si tion.  Tran si tion  prob a bil i ties  for  both  codes  are  pre pared  by  the
SRNADAT code. The sim  u  la  tion of pro  ton beam char  ac  ter  iza  tion by Multi-Layer
Far a day  Cup,  spa tial  dis tri bu tion  of  pos i tron  emit ters  ob tained  by  SRNA-2KG  code,
and  intercomparison  of  com pu ta tional  codes  in  ra di a tion  do sim e try,  in di cate  the  im -
me  di  ate ap  pli  ca  tion of the Monte Carlo tech  niques in clin  i  cal prac  tice. In this pa  per,
we briefly pres ent the phys i cal model im ple mented in SRNA pack age, the ISTAR pro -
ton dose plan  ning soft  ware, as well as the re  sults of the nu  mer  i  cal ex  per  i  ments with
pro  ton beams to ob  tain 3D dose dis  tri  bu  tion in the eye and breast tu  mor.
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IN TRO DUC TION
Dur ing past twenty years, spe cial at ten tion has 
been  paid  to  the  de vel op ment  and  im ple men ta tion
of  Monte  Carlo  cal cu la tion  in  ra di a tion  pro tec tion,
spec tral  dis tri bu tion  cal cu la tions  and  par tic u larly  in
med i cine.  Re cently,  var i ous  com mer cial  ver sions  of
Monte Carlo al  go  rithms have started be  ing im  ple  -
mented in prac  tice and it has be  come ob  vi  ous that
Monte  Carlo  rep re sent  a  con ve nient  com put ing
method  with  sig nif i cant  clin i cal  ap pli ca tion.
There is the in  creas  ing ev  i  dence that Monte
Carlo based codes are the most pow  er  ful tools for
nu clear  par ti cle  trans port  cal cu la tions.  A  grow ing
num  ber of med  i  cal phys  i  cists be lieve that, in the fu  -
ture, rou  tine dose cal  cu  la  tion will be per  formed us  -
ing Monte Carlo tech niques, which will prove to be
the dom  i  nant en  gine for dose com  pu  ta  tion in ra  -
dio ther apy  treat ment  plan ning  [1, 2]. The most
pow  er  ful at  trib  ute of Monte Carlo tech  niques is
their  ca pa bil ity  to  sim u late  all  in di vid ual  par ti cle  in -
ter  ac  tions in three di  men  sions as well as to per  form
nu mer i cal  ex per i ments  with  spec i fied  un cer tain ties. 
In the frame of de  sign and con  struc  tion of the
TESLA  Ac cel er a tor  In stal la tion  at  VIN^A  In sti -
tute of Nu  clear Sci  ences, it be  came nec  es  sary to de  -
velop a spe  cial code suit  able for pro  ton ra  di  a  tion.
These facts were the pri  mary mo  ti  va  tion for de  vel  -
op  ment of SRNA* – gen  eral-pur  pose Monte Carlo
pack age  for  pro ton  trans port  sim u la tion.  A  wide
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rasa@vin.bg.ac.yu *srna = doe (Engl.)range of SRNA ap  pli  ca  tions re  quired the de  vel  op  -
ment of two codes such as SRNA-2KG code and
SRNA-VOX code. The first one is as  signed to pro  -
ton  trans port  sim u la tions  in  tech ni cal  sys tems  de -
ter mined  by  stan dard  geo met ri cal  forms  (sphere,
cone, cyl  in  der, cube). The sec  ond one is de  signed
for  cal cu la tions  of  de pos ited  en ergy  dis tri bu tion  in
pa  tients based on CT data for ra  dio  ther  apy pur  -
poses. It is pos  si  ble to use both codes in the case of
3D pro  ton sources with an ar  bi  trary en  ergy spec  -
trum from 100 keV up to 250 MeV . Tran  si  tion
prob a bil i ties  are  pre pared  by  SRNADAT  code.
The cor  rect  ness of the phys  i  cal model im  ple  -
mented into SRNA pack  age was ver  i  fied ei  ther
through  di rect  com par i son  with  other  ref er ent
codes for pro  ton trans  port sim  u  la  tion, or through
ex per i ments.  The  most  re cent  re sults  of  ver i fi ca tion
are listed bel  low. Great de  gree of re  li  abil  ity of the
pro  ton sim  u  la  tions car  ried out by SRNA pack  age,
mo  ti  vated us to de  velop ISTAR pro  ton dose treat  -
ment plan  ning soft  ware ex  am  ined through the eye
and  breast  tu mor  ir ra di a tion  plan ning.
SRNA pack  age and ISTAR pro  ton dose plan  -
ning soft  ware are coded in For  tran 77 and run on PC
un  der the Win  dows and Linux op  er  at  ing sys  tems.
SRNA PACK  AGE VER  SIONS AND
THEIR  VER I FI CA TIONS
SRNA pro  ton trans  port model
The sim  u  la  tion of pro  ton trans  port in SRNA
pack  age is based upon the mul  ti  ple scat  ter  ing the  -
ory of charged par  ti  cles [3-5], en  ergy losses with
fluc tu a tion  [6, 7], and our own and Rus sian MSDM
mod els  of  com pound  nu cleus  de cay  sim u la tion  af -
ter  pro ton  ab sorp tion  in  in elas tic  nu clear  in ter ac -
tions. The fur ther de tails of this model can be found
in the ba  sic ref  er  ence [8]. Only a brief over  view is
given here. In or  der to sim  u  late the pro  ton trans  -
port, the pro  ton tra  jec  tory is di  vided into small
steps with length des  ig  nated Ds as fol  lowed by a
small en  ergy loss DE cho  sen to be sev  eral per  cent of
the ini  tial pro  ton en  ergy. The model im  ple  mented
in PTRAN code [9] gives the best re  sults with com  -
bined en ergy scale: log a rith mic from 100 keV up to
10 MeV and lin  ear for en  ergy up to 250 MeV . The
stop  ping power (dE/dx) can be ob  tained from
ICRU 49 data base [10]. If the par  tic  u  lar value for
(dE/dx) is not avail  able in the data base, it is cal  cu  -
lated  ac cord ing  to  the  em pir i cal  for mu lae  [11].
Af ter  the  prep a ra tion,  the  nom i nal  en ergy
scale is mod i fied so that the av er age num ber of col li -
sions over the step Ds is greater than the min  i  mal
value (W0 >10), and the Vavilov’s pa  ram  e  ter k is
smaller than the max i mal value (k< 20). The mod i -
fied en  ergy scale is then used for cal  cu  la  tion of:
Vavilov’s  en ergy  loss  dis tri bu tion,  mul ti ple  scat ter -
ing  Mo liere  dis tri bu tion  and  all  in elas tic  nu clear
in ter ac tion dis tri bu tions (ac cord ing to the cross sec -
tion data from ICRU 63 and from SCHIELD code
[12, 13]). Only sec  ond  ary pro  tons are in  cluded in
the trans  port sim u  la  tion model, while the en ergy of
deu ter ons,  tritons  and  al pha  par ti cles  is  de pos ited
on the spot of their cre  ation. Neu trons and pho tons
are reg  is  tered in a data file and can be fur  ther used
by MCNP code [14] with the aim to sim  u  late the
neu  tron and pho  ton trans  port, or by FOTELP [15]
and PENELOPE [16] codes for pho  ton shield  ing
and  do sim e try  cal cu la tions.
Par ti cle  trans port  sim u la tion  is  lim ited  by  the
geo met ri cal  de scrip tion  of  the  trans port  me dium.
Real geo met ric shapes of tech ni cal sys tems could be
de scribed  in  sev eral  ways  by planes and sec  ond or  -
der sur  faces, as in RFG [17] or PENGEOM from
PENELOPE codes and fourth or  der sur  faces, as in
MCNP code. For de  scrip  tion of the pa  tient ge  om  e  -
try, stan  dard shapes are usu  ally ap  plied. How  ever,
this is only a rough ap  prox  i  ma  tion, be  cause it is a
tech ni cal  de scrip tion  of  the  pa tient’s  ge om e try.  The
most ac cu rate way of de scrib ing it is by means of the 
CT data [1, 18]. They al  low 3D trans  port sim  u  la  -
tion,  in clud ing  vari a tions  of  the  tis sue  den si ties  and
com po si tions.  Us ing  the  same  pro ton  trans port
model, we de  vel  oped two ver  sions of SRNA code.
The first ver  sion uses the RFG or PENGEOM
codes for geo  met  ric mod  el  ing. The sec  ond,
voxelized ver  sion, SRNA-VOX, is ad  justed to use
the CT data.
The  prob lems  con cern ing  the  de ter mi na tion  of
den sity and el e men tal com po si tion  of the pa tient’s tis -
sue on the ba sis of the CT data, for Siemens Somatom
Plus 4 scan ner, are de scribed else where. In our model,
the Hounsfield’s num  bers (HU) are as  so  ci  ated to the
den sity  and  the  el e men tal  tis sue  com po si tion  [18].
The HU space is di  vided into 21 groups. HU
val ues less than –950 are treated as air. Each re main -
ing group from HU = –950 to HU = 1500 has the
den sity  and  el e men tal  com po si tion  suit able  for  the 
group’s up  per limit. Start  ing from such pre  sen  ta  -
tion of HU, we use SRNADAT code to pre  pare all
pre vi ously  men tioned  tran si tion  prob a bil i ties  for
the pro  ton en  ergy range from 0.1 up to 250 MeV ,
for all tis sue types. From the en tire avail able CT data 
only the part that con  tains the re  gion of in  ter  est for
ir ra di a tion  plan ning  is  ex tracted,  and  con se quently
only the data for the se  lected re  gion are pro  cessed
and stored in the com  puter mem  ory.
Ver i fi ca tion  of  SRNA  pack age
The first ver  i  fi  ca  tion of SRNA pack  age per  -
formed for pro  ton en  er  gies of 26.4, 66, 100, 205,
and 250 MeV , is based on the good agree  ment with
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codes  [8].  Nu mer i cal  ex per i ments  per formed  by
SRNA-2KG and GEANT-3 codes, as well as by
SRNA-2K3 and GEANT-4 codes gave an ad  di tional
con fir ma tion that our pro ton trans port model is con -
sis tent. The sim u la tion and mea sure ment [19] of pro -
ton beam en  ergy spread us  ing Multi-Layer Far  a  day
Cup at IUCF, In di ana Uni ver sity, as well as the sim u -
la tion  of  pos i tron  emit ter  gen er a tion  [20] at
Brookhaven  Na tional  Lab o ra tory  con trib uted  to  the
ev  i  dence that SRNA pack  age could be suc  cess  fully
ap plied  for  do sim e try  and  ra dio ther apy  pur poses.
The fi  nal stage of SRNA-2KG ver  i  fi  ca  tion was
QUADOS intercomparison [21] of pro  ton trans port
codes. The re  sults ob  tained by our code, us ing an ar  -
ti  fi  cial voxelized eye model, were com  pared to those
ob  tained by FLUKA-2002, be  ing the ref  er  ent code
of the men tioned intercomparison. Very good agree -
ment of re  sults en  cour  aged us to de  velop the
SRNA-VOX code as an en  gine within ISTAR soft  -
ware for pro  ton ther  apy plan  ning.
TESLA  AC CEL ER A TOR
IN STAL LA TION 
The TESLA Ac cel er a tor In stal la tion is a fa cil ity 
for pro  duc  tion, ac  cel  er  a  tion and use of ions con  sist  -
ing of three ma  chines and a num  ber of low en  ergy
and  high  en ergy  ex per i men tal  chan nels.  The  ma -
chines are the VINCY Cy  clo  tron – a com  pact
isochronous cy  clo  tron, the mVINIS Ion Source – an
elec  tron cy  clo  tron res  o  nance heavy ion source, and
the pVINIS Ion Source – a vol  ume light ion source.
In the low en ergy ex  per  i  men  tal chan  nels one shall be
able to use ion beams from the mVINIS Ion Source,
and in the high en  ergy ex  per  i  men  tal chan  nels ion
beams from the VINCY Cy  clo  tron. Pro  grams of use
of this fa  cil  ity in  clude ba  sic and ap  plied re  search in
phys ics,  chem is try  and  bi ol ogy,  de vel op ment  of  ma -
te ri als and nu clear tech nol o gies, pro duc tion of ra dio -
iso  topes and radiopharmaceuticals, and pro  ton ther  -
apy [22]. The first pro  gram of use of the VINCY
Cy clo tron will be rou tine pro duc tion of radionuclide 
18F and radiopharmaceutical 18FDG. This
radiopharmaceutical will be used for pos  i  tron emis  -
sion  to mog ra phy,  which  is  an  ad vanced  di ag nos tic
tech nique  used  in  on col ogy,  car di ol ogy,  en do cri nol -
ogy, and neu  rol  ogy. Radionuclide 18F will be pro  -
duced with pro  tons of the en  ergy of 15 MeV . Pro  ton
ther  apy will be per  formed with the beam from the
VINCY Cy clo tron of the en ergy of 65 MeV . It will be 
used for eye tu  mor treat  ments. As the SRNA code
was de  signed for pro  tons of the max  i  mal en  ergy of
250 MeV , it will be a suit able tool in plan ning of pro -
ton ther  apy with this ma  chine.
In  pro ton  ex per i ment  plan ning,  it  is  un der stand -
able that a pro ton beam is de ter mined by the shape of a
chan  nel, and that tar  gets in the beam are space ad  just  -
able  ac cord ing  to  ex per i ment  con di tions.  For
nu mer i cal  ex per i ments,  it is  rea son able to ac cept a fixed
tar  get, and that a pro  ton beam should be within the
space an  gle of 4p, ac  cord  ing to the sym  met  ri  cal axis of
the  tar get.  The  ac cel er a tor  tar get  ge om e try  is  com plex,
and pro  tons ar  rive at tar  gets with an ar  bi  trary spec  -
trum. Some of the ap  pli  ca  tions of de  vel  oped SRNA
code used in TESLA pro  gram are: pro  ton ther  apy, de  -
sign  of  ac cel er a tor  driven  sys tems,  ra dio iso topes  pro -
duc tion  for  med i cal  ap pli ca tions,  sim u la tion  of  pro ton
scat  terer and de  grader shapes, and com  po  si  tion as well
as  ra di a tion  pro tec tion  at  ac cel er a tor  in stal la tions. 
ISTAR – PRO  TON DOSE
PLAN NING  SOFT WARE
Last few years, the at  ten  tion of med  i  cal phys  i  -
cists was fo  cused on pos  si  ble ap  pli  ca  tions of Monte
Carlo tech  niques for ra  dio  ther  apy plan  ning in gen  -
eral, and es pe cially for pro ton ther apy. In the clin i cal 
prac tice,  avail able  anat omy  im ag ing  tech niques  are
near ing  the  de sir able  geo met ric  res o lu tion  for  def i -
ni  tion of the tu  mor shape and di  men  sions, nec  es  -
sary for ther  apy plan  ning.
Such trends lead to solv  ing two im  por  tant
prob  lems in pro  ton ther  apy plan  ning: (1) de  vel  -
op ment of Monte Carlo pro ton trans port nu mer i -
cal en  gine ca  pa  ble of pro  duc  ing a ther  apy plan in
less than 30 min utes and (2) de vel op ment of clin i -
cally ac cept able on-line pro ce dures com pris ing all 
steps nec  es  sary for proper pa  tient treat  ment. In
the fol low ing, the ca pa bil ity of ISTAR soft ware in 
solv  ing the first of these prob  lems is pre  sented.
ISTAR has a ca  pa  bil  ity of work  ing with two
CT files si  mul  ta  neously, so that the user can
switch be  tween them dur  ing a com  put  ing ses  -
sion. This is il  lus  trated in fig. 1, where breast and
eye CT im  ages are taken as ex  am  ples. It is as  -
sumed that the tu  mor lo  ca  tion is de  fined us  ing
the CT im age with suf  fi  cient ac  cu  racy. The ir  ra  di -
a  tion plan be  gins with the se  lec  tion of the tu  mor
re  gion within a rect  an  gu  lar box. The se  lected re  -
gion is de  fined by the in  di  ces of the first and the
last CT slice in the lon gi tu di nal (Z) di rec tion, and 
by mark ing the area in the transversal (X-Y) plane.
The  beam  cen ter  po si tion,  de fin ing  the  po si tion
of the pro  ton beam axis, should be se  lected at this
step, to  gether with the pro  ton en  ergy dis  tri  bu  -
tion (mean en  ergy and stan  dard de  vi  a  tion for
Gaussi an  dis tri bu tion,  or  cus tom  de fined  spec -
trum),  sim u la tion  cut off  en ergy,  num ber  of  pro -
ton  his to ries  and  sim u la tion  time  limit.
The  ap pro pri ate  tran si tion  prob a bil i ties  are  pre -
pared only for the ma te ri als in the tis sue se lected for ir -
ra  di a  tion. The trans port of the pro  tons is sim u  lated in
batches  (typ i cally  20),  per form ing  sta tis ti cal  anal y sis
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dose in each voxel is stored in a 3D ma  trix, which is
ap pro pri ate  for  fur ther  nu mer i cal  ma nip u la tion.  The
cal  cu  lated val  ues of the ab  sorbed pro  ton dose are dis  -
played over the CT slice im  age. These val  ues can be
nor  mal  ized ei  ther to the max  i  mum value in the slice,
or to the max i mal value in the en tire ir ra di ated re gion.
Im age  view ing  com mands  in clude  a  trans par ency  in -
ten  sity con  trol. The code al  lows se  lec  tion of dif  fer  ent
pal ettes,  for  dis play ing  var i ous  isodose  lev els.
RE SULTS
Tak ing  into  con sid er ation  that  the  pre vi ous
re  sults of the ver  i  fi  ca  tion of SRNA pack  age con  -
cern only the pro  ton trans  port sim  u  la  tions in wa  -
ter phan toms, and that the con sid ered ge om e tries
were rel  a  tively sim  ple, in this pa  per we have de  -
cided to treat some more re  al  is  tic cases, both in
shape and ma  te  rial com  po  si  tion. As for the pro  -
ton en er gies, they are cho sen to cor re spond to the
pro  ton beams which will be avail  able from the
VINCY  Cy clo tron  at  the  TESLA  Ac cel er a tor  In -
stal la tion  [20].  The  ca pa bil i ties  of  ISTAR  pro ton
dose plan  ning soft  ware are il  lus  trated in the fol  -
low ing  two  ex am ples:  eye  uvela  mel a noma and
breast tu  mor, us  ing 1.6 GHz/512 MB PC.
Eye  dose  dis tri bu tion
The CT of the pa  tient’s head with voxel di  -
men sions of 0.5 ´ 0.045 ´ 0.045 cm3 was used. The
mel  a  noma was as  sumed to be at the bot  tom of the
eye, spher  i  cally shaped with a ra  dius of 0.8 cm. Us  -
ing ISTAR soft ware, a ther apy plan was made us ing
a cy  lin  dri  cal pro  ton beam of 1 cm ra  dius and
Gaussi an en ergy spec trum (<E> = 50 MeV , en ergy 
spread 1.2 MeV). The sim  u  la  tion was per  formed
with 106 pro  ton his  to  ries. Fig  ure 2 shows the pro  -
ton dose dis  tri  bu  tion on a slice in the equa  to  rial
plane of the eye. Sim i lar fig ures can be pro duced for
each slice above/be  low the equa  to  rial plane, within
the bound  aries of the se  lected re  gion. This sim  u  la  -
tion took 7.62 min utes on the afore men tioned PC.
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                           Fig  ure 1. Pro  ton Plan  ning Date win  dow (In  ter  ested reader can ob  tain more
                           de  tailed color pic  tures at the au  thor's address)
Fig ure  2. Dose dis  tri  bu  tion in equa  to  rial eye plane,
sim  u  lated by SRNA-VOX code, us  ing 50 MeV pro  -
tons with 1.2 MeV en  ergy spread. The isodoses are at
the val ues of 20, 60, 80, and 100% of dose max i mumBreast  dose  dis tri bu tion
As the sec ond ex am ple, a CT im age of a breast
with voxel di  men  sions of 0.5 ´ 0.0732 ´ 0.0732
cm3 was cho  sen. A ther  apy plan with a cy  lin  dri  cal
pro  ton beam of 1.2 cm ra  dius and with Gaussi  an
en  ergy spec  trum (<E>= 65 MeV , en  ergy spread
1.2 MeV) and 106 pro  tons in the beam was used.
The  re sult ing  pro ton  dose  dis tri bu tion  is  dis played
in fig. 3. Sim  u  la  tion run-time on the afore  men  -
tioned PC was 9 min  utes.
CON CLU SIONS
The de  vel  op  ment of SRNA pack  age has been
go  ing on by con  tin  ual up  grad  ing of the im  ple  -
mented phys  i  cal model, broad  en  ing of the pro  ton
en  ergy range, and in  creas  ing the ef  fi  ciency of the
im ple mented  al go rithms  in  or der  to  de crease  the
time  nec es sary  for  pro ton  trans port  sim u la tion.  In
par al lel  with  this  sub se quent  ver i fi ca tion  the  main
steps of im  prove  ment were car  ried out by com  par  i  -
son with the ref  er  ent codes for pro  ton trans  port
sim u la tions.  Un for tu nately,  com par i son  with  mea -
sured  or  cal cu lated  re sults  in  3D  het er o ge neous
phan  toms was not done since we did  n’t find any
such re  sults in the avail  able lit  er  a  ture. The re  sults of
this ver i fi ca tion proved the con sis tency of the model 
im  ple  mented in SRNA pack  age, and mo  ti  vated us
to de  velop ISTAR pro  ton dose plan  ning soft  ware,
based on the knowl  edge and ex  pe  ri  ence ac  quired in
work ing  on  SRNA  pack age.  Ad di tional  mo ti va tion
was the fact that typ  i  cal ex  e  cu  tion time for the
Monte Carlo based codes on com  mon PC com  put  -
ers in ev ery day clin i cal prac tice was get ting sub stan -
tially shorter, thus re  mov  ing the main ob  sta  cle for
in tro duc ing them. In its pres ent sta tus, ISTAR is ca -
pa  ble of ac  cept  ing CT data for de  fin  ing pa  tient’s
anat omy  and  tis sue  com po si tion.  A  sim ple  pro ce -
dure  for  se lect ing  the  ir ra di a tion  area  and  in ci dent
pro  ton beam pa  ram  e  ters al  lows fast and com  fort  -
able cal cu la tion of the dose dis tri bu tion and its vi su -
al  iza  tion in each CT re  corded slice of the pa  tient’s
body.  Ac cept able  sta tis ti cal  un cer tainty  of  the  cal cu -
lated dose can be reached within 30 min ute of com  -
puter run time. The fu  ture ac  tiv  i  ties in the up  grad  -
ing of ISTAR soft  ware will in  clude vi  su  al  iza  tion of
the dose dis  tri  bu  tion over a 3D trans  par  ent model
of the pa  tient body.
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SRNA – MONTE KARLO PROGRAM KAO ALAT ISTAR SOFTVERA ZA
PLANIRAWE TERAPIJE PROTONIMA NA AKCELERATORSKOJ
INSTALACIJI TESLA
Opisana je primena SRNA – Monte Karlo paketa za simulaciju protona u slo`enoj
geometriji i materijalima razli~itog sastava. Paket SRNA je razvijen za trodimenzionalni (3D)
prora~un raspodele doze u protonskoj terapiji i dozimetriji i zasnovan je na teoriji vi{estrukog
rasejawa. Raspad slo`enog jezgra je simuliran na{im sopstvenim i ruskim MSDM modelom
kori{}ewem podataka iz ICRU 63. Razvijeni paket se sastoji od dva programa: SRNA-2KG koji
simulira trans  port protona u kombinovanoj geometriji i SRNA-VOX koji koristi vokselizovanu
geometriju primenom CT podataka i konverzijom Haunsfildovih brojeva za tkiva razli~itog
sastava. Verovatno}e prelaza za oba programa priprema pro  gram SRNADAT. Simulacija
karakterizacije protonskog snopa kori{}ewem vi{eslojnog Faradejevog kaveza i prostorne
raspodele emitera pozitrona dobijena SRNA-2KG programom i interkomparacija ra~unskih
programa u dozimetriji nagove{tavaju direktnu primenu Monte Karlo tehnika u klini~koj praksi. 
U ovom radu smo ukratko prikazali fizi~ke modele primewene u paketu SRNA, softver za
planirawe protonske doze ISTAR i rezultate sa wim izvedenih numeri~kih eksperimenata za
dobijawe 3D raspodele doze u tumorima oka i dojke.